Relating spatial pattern of forest cover to accessibility 1 Abstract 1 Urban planning for optimal provision of recreational forests is not only con-2 cerned with how much space is needed, but equally with how this could be 3 arranged in the landscape in order to make these forests accessible to many 4 potential visitors. The present study sought to establish relationships between 5 the spatial pattern of forest cover and these forests' accessibility -either on 6 foot or by bike -for short walks. This question was approached in an experi-7 mental way using landscape structure metrics. 
the forest cover (Van Herzele et al., 2005) . considered spatial arrangement dividing the afforestation 'budget' in terms of 1 hectares over smaller units would benefit more urban dwellers. If so, a more 2 efficient solution could be obtained by creating spatial patterns that provide 3 a high number of people with short walking trips in relation to the land area 4 that is set aside for forest. The ability to quantify this pattern is a prerequisite 5 to monitor the recreational provision on a regional scale and offer alternative 6 scenarios for spatial planning.
7
In this paper, we aim to make a first step to establish relationships between 8 accessibility and measures of spatial pattern on a regional scale. Flanders
9
(northern autonomous part of 522km 2 ) is selected as study area,
10
as it features a very high degree of urbanization. According to UN (2004) , 98
11
% of the flemish population is living in urban areas. This situation is combined 12 with a relatively low forest cover (about 11 %). Before elaborating on the case 13 study, we clarify the main concepts used, and their integration within the 14 study approach. 
Recreational provision assessed by accessibility

16
Accessibility refers to the ability of using transportation facilities to reach 17 desired locations at suitable times (Geertman and Van Eck, 1995) . Most mea-
18
sures of accessibility incorporate the distance between a person and his or her 19 destination, as well as the utility of this location. Some of the best known 20 measures are based on the 'potential model' (Geertman and Van Eck, 1995;  and geographic information systems (GIS) (Forman and Godron, 1986; Turner 1 and Gardner, 1991; Farina, 2000; Luck and Wu, 2002; Turner et al., 2003) .
2
Statistical measures to quantify composition and configuration of a landscape 3 are called landscape metrics or pattern indices (McGarigal and Marks, 1994) .
4
In the field of landscape ecology, a comprehensive set of landscape indices has 5 been developed (Hulshoff, 1995; Riitters et al., 1995) . These are considered as 6 useful tools to monitor the natural environment (Forman and Godron, 1986; 7 O'Neill et al., 1988; Baskent and Jordan, 1995; Trani and Giles, 1999; Farina, 8 2000; Imbernon and Branthomme, 2001 To quantify the spatial pattern, 19 commonly used pattern indices were calcu-12 lated (see Table 2 ). Landscape composition is described by the total forested 13 area (ta) and the number of forest patches (np and cohesion. Finally proximity -the degree to which patches are isolated -6 is quantified using prox and enn. Using Spearman correlation analysis the correlation between accessibility and 12 each of the pattern metrics was tested for significance. the discriminant function (Mather, 1976; Buys, 2003) . This technique was 10 applied to determine which metrics indicate differences between groups. It 11 requires a division of the hexagons into groups, according to their effectiveness 12 in providing access to recreation.
13
To obtain these groups, the landscapes, representing the hexagons and their 14 spatial forest patterns, were ranked according to the criteria of optimization,
15
which are to maximize accessibility (Objective 2) with a minimum forest area and represent land use configurations that cannot be improved for both ob-10 jectives simultaneously. The forest patterns of these landscapes are given rank 11 "1". Rank "2" was assigned to hexagons that were dominated by only one 12 other landscape and rank "3" was given to all other sample units. The closer 13 a landscape is situated to the pareto-front, the more efficient the spatial forest 14 pattern is with respect to accessibility to recreation. These groups were used 15 to detect differences in landscape configuration, regardless of the percentage 16 of forest cover. In Table 3 , Spearman correlations between accessibility and pattern metrics 3 are listed. Not surprisingly, accessibility is highly correlated with forest com- it is the variation (r = 0.65 for area.cv and r = 0.64 for area.sd), which 8 is correlated. In the group describing the distribution of forest shape, several 9 metrics have a significant correlation with accessibility, although none of these 10 is high. The summarizing lsi is nonetheless rather well correlated (r = 0.72).
11
Finally, forest isolation, quantified by enn.mn and enn.sd, is negatively cor-12 related with accessibility (r = −0.79 for enn.mn; r = −0.81 for enn.sd).
13
[Insert Table 3 of the original data set. In Table 4 , the factor loadings are listed, expressing the Each variable is assigned to the factor for which the correlation is highest.
1
The pattern metrics are ranked according to decreasing correlation. Table 6 shows sig-4 nificant differences in the multivariate means of all three groups.
5
[Insert the detection of differences between groups and not for absolute prediction of 10 which group a landscape will belong to, this error is considered acceptable.
11
Discussion and Conclusions
12
Urban planning for optimal provision of recreational forests is not only con-13 cerned with how much space is needed, but equally with how this could be 14 spatially arranged in the landscape in order to make these forests accessible to 15 many potential visitors. In this context, the present study sought to establish 16 significant relationships between the spatial pattern of forest cover and forest 17 accessibility for short walks.
18
The main originality of the study resides in the use of landscape structure Similarly, an increasing number of forest patches entails a decreasing forest This leads to the logical conclusion that a higher forest coverage and more 10 forests will indeed increase recreational provision. However, when a small af-11 forestation budget is available, high shape complexity, low forest contiguity 12 and a high landscape shape index (lsi) warrant special attention.
13
To corroborate these conclusions, the forest patterns available were divided 14 into groups. To ensure that the groups were not dependent on the quantity of 15 forested area, pareto logic was used. Univariate ANOVA showed that metrics the factor analysis and discriminant analysis, this analysis confirms the impor-7 tance of shape and contiguity when a higher recreational provision is sought 8 without a substantial enlargement of the forested area.
9
The findings of this study confirm that possibilities exist for the use of pattern Table 1 Relation between the minimum area of forest and the maximum distance that will be covered for a recreation experience (after Van Herzele et al., 2000) Maximum distance ( The grey shades are forests. Landscape b is dominated by landscape c, since landscape c has both a lower 7 value for objective one (that should be minimized) and a higher value for ob-8 jective two (that should be maximized).
Landscape a scores better on the first objective than landscape b, but scores 
